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(54) DRY ETCHING METHOD 



(57)Abstract: 

PURPOSE: To prevent the generation of etching residue 
while protecting a base film, by etching a natural oxide 
film or deposit formed on the surface of a crystallized 
silicon or noncrystal silicon or metal film. 
CONSTITUTION: A natural oxide film 4 formed on the 
surface of polycrystalline silicon 3 deposited on a step- 
difference pattern 2 on a silicon substrate 1 is subjected 
to first anisotropic etching by using SF6, HCI and CF4. A 
natural oxide film 4a which can not be eliminated by the 
first etching is left on the side wall of the step- 
difference pattern. The polycrystalline silicon 3 is 
subjected to second etching by using gas system 
composed of HCI, HBr and 02, and then subjected to 
third etching under the same condition as the first 
etching. Since the natural oxide film 4a is exposed by 
etching the polycrystalline silicon 3, the natural oxide 
film 4a is easily eliminated by the same gas system. The 
second etching is finished before an etching base 5 is 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] With the 1st etching process which carries out dry etching of crystallization silicon or 
the amorphous silicon, by next, the gas which contains fluorine at least The 2nd etching process 
which etches the natural oxidation film currently formed on the front face of said crystallization 
silicon or said amorphous silicon, or the deposit generated by said etching process, Next, the dry 
etching approach characterized by performing the 3rd etching process which carries out dry 
etching of said crystallization silicon or said amorphous silicon again in order of said publication. 
[Claim 2] The dry etching approach characterized by performing the 2nd etching process 
according to claim 1 before reaching the thickness into which the residual membrane of said 
crystallization silicon or said amorphous silicon is etched by said 2nd etching process. 
[Claim 3] Claim 1, the dry etching approach characterized by being gas by which the gas of two 
publications which contains fluorine at least contains 6 sulfur fluorides. 

[Claim 4] The dry-etching approach characterized by to perform the 5th etching process which 
etches the deposit generated by the 4th etching process which carries out dry etching of the 
metal membrane which contains aluminum at least, and the natural-oxidation film currently 
formed on the front face of said metal membrane by the gas which contains chlorine next at 
least or said etching process, and the 6th etching process which carries out dry etching of said 
metal membrane next again in order of said publication. 

[Claim 5] The dry etching approach characterized by performing the 5th etching process 
according to claim 4 before reaching the thickness into which the residual membrane of said 
metal membrane is etched by said 5th etching process. 

[Claim 6] Claim 4, the dry etching approach characterized by being gas by which the gas of five 
publications which contains chlorine at least contains a silicon tetrachloride. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the dry etching approach in manufacture of a 

semiconductor device. 

[0002] 

[Description of the Prior Art] In a dry etching process, various techniques, such as anisotropic 
etching and high selection-ratio etching, are needed as the detailed-ized technique of a 
semiconductor device progresses in recent years. In carrying out dry etching of the 
polycrystalline silicon and aluminum on a high rank difFerence especially, a long duration line 
requires high selection-ratio etching by the gas system which needed to etch completely the 
deposit formed into the natural oxidation film currently formed on those front faces, or dry 
etching, for example, added oxygen in etching of polycrystalline silicon. 
[0003] 

[Problem(s) to be Solved by the Invention] However, it is difficult for anisotropic etching to 
remove completely the natural oxidation film currently formed in the front face of the 
polycrystalline silicon deposited on the high rank difference, or aluminum. Therefore, finally 
problems, such as an etching residue, had occurred. Hereafter, the example is explained using a 
drawing. Drawing 2 (a) - (d) shows the sectional view of the order of a process of the 
conventional dry etching approach. Drawing 2 (a) In - (d), the natural oxidation film with which a 
level difference pattern and 3 are formed in polycrystalline silicon for the natural oxidation film 
on polycrystalline silicon and 4a, and 4 is formed [ 1 ] in the silicon substrate side for a silicon 
substrate and 2, and 5 show the silicon oxide of an etching substrate, and 6 shows the 
photoresist for pattern formation. 

[0004] Conventionally, the polycrystalline silicon 3 on the high rank difference pattern 2 formed 
on the silicon substrate 1 shown in drawing 2 (a) had given dry etching according polycrystalline 
silicon 3 to high selection-ratio conditions with the silicon oxide 5 of a substrate next as the 2nd 
step, after removing the natural oxidation film 4 on the front face of polycrystalline silicon like 
drawing 2 (b) by the gas system which contains fluorine as the 1st step. However, especially, at 
the 1st step, it became difficult the natural oxidation film 4 of the level difference side 
attachment wall shown by drawing 2 (b) and to remove completely, in the 2nd step, the natural 
oxidation film 4a which remained became the mask of polycrystalline silicon 3, and could not etch 
natural oxidation film 4a by the side of a silicon substrate, but it had become a residue as the 
level difference became large ( drawing 2 (c)). Therefore, etching without a residue was attained 
by extending the 2nd time amount of a step as one of the solution of the. However, the etching 
substrate 5 thinHilm-izes and extension of etching time results in bringing about reduction of 
the thickness of the etching substrate 5 as detailed-ization of a semiconductor device 
progresses ( drawing 2 (d)). Therefore, extending etching time recklessly becomes the defect and 
the cause of a low throughput which thin film-ization by etching of a substrate induces. 
Moreover, if not anisotropic etching but isotropic etching is performed in the 1st step for natural 
oxidation film removal of a level difference side attachment wall, the direction of a side 
attachment wall will be etched remarkably, and a good configuration will not be acquired. 
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[0005] In case this invention solves the above-mentioned conventional technical problem and 
the crystallization silicon, the amorphous silicon, or the metal membrane that contains aluminum 
at least on a high rank difFerence is etched, it aims at offering the dry etching approach that 
protection of a high throughput and the substrate film can be attained, and generating of a 
residue can be prevented. 
[0006] 

[Means for Solving the Problem] In order to attain this purpose the dry etching approach of this 
invention The 1st etching process which carries out dry etching of crystallization silicon, 
amorphous silicon, or the metal membrane that contains aluminum at least. By next, the gas by 
which fluorine is included at least in the case of said crystallization silicon or said amorphous 
silicon and the gas by which chlorine is included at least in the case of said metal membrane The 
2nd etching process which etches the natural oxidation film currently formed on said 
crystallization silicon, said amorphous silicon, or the front face of said metal membrane, or the 
deposit generated by said etching process. Next, the 3rd etching process which carries out dry 
etching of said crystallization silicon, said amorphous silicon, or said metal membrane again It is 
characterized by carrying out in order of said publication, and performing said 2nd etching 
process, before reaching the thickness into which the residual membrane of said crystallization 
silicon, said amorphous silicon, or said metal membrane is etched at said 2nd etching process. 
[0007] 

[Function] The 1st etching process which carries out dry etching of crystallization silicon, 
amorphous silicon, or the metal membrane that contains aluminum at least by the approach 
which described this invention above, By next, the gas by which fluorine is included at least in 
the case of said crystallization silicon or said amorphous silicon and the gas by which chlorine is 
included at least in the case of said metal membrane The 2nd etching process which etches the 
natural oxidation film currently formed on said crystallization silicon, said amorphous silicon, or 
the front face of said metal membrane, or the deposit generated by said etching process. Next, 
the 3rd etching process which carries out dry etching of said crystallization silicon, said 
amorphous silicon, or said metal membrane again By carrying out in order of said publication, and 
performing said 2nd etching process, before reaching the thickness into which the residual 
membrane of said crystallization silicon, said amorphous silicon, or said metal membrane is 
etched at said 2nd etching process Said natural oxidation film or said deposit is removable, and 
generating of an etching residue can be prevented, protecting the substrate film without reducing 
a throughput 
[0008] 

[Example] The dry etching approach of one example of this invention is explained below, referring 
to a drawing with the conventional example. Drawing 1 (a) - (e) is the process sectional view of 
the dry etching approach in one example of this invention. 

[0009] Drawing 1 (a) ~ (e), the natural oxidation film with which a level difference pattern and 3 
are formed in polycrystalline silicon for the natural oxidation film on polycrystalline silicon and 4a, 
and 4 is formed [ 1 ] in the silicon substrate side for a silicon substrate and 2. and 5 show the 
silicon oxide of an etching substrate, and 6 shows the photoresist for pattern formation. In 
addition, drawing 1 (a), drawing 2 (a) and drawing 1 (b). and drawing 2 (b) show the same 
condition. 

[0010] As first shown in drawing 1 (a), the natural oxidation film 4 is formed in the front face of 
the polycrystalline silicon 3 deposited on the 1 -micrometer level difference pattern 2 formed on 
the silicon substrate 1. Next, as shown in drawing 1 (b), anisotropic etching is performed for this 
natural oxidation film 4 on condition that SF6 (20sccm), HCI (20sccm), CF4 (20sccm), pressure 
lOOmTorr, and RF power 350W. At this time, the natural oxidation film 4 which was not able to be 
removed remains in the side attachment wall of the level difference pattern 2 by anisotropic 
etching. 

[0011] Next, anisotropic etching is performed until the thickness of polycrystalline silicon 3 is set 
to R (nm) by the gas system which consists of HCI (20sccm). HBr (40sccm), and 02 (Isccm), as 
drawing 1 (c) shows. Next, as shown in drawing 1 (d), anisotropic etching of the natural oxidation 
film 4 is carried out according to the same conditions as drawing 1 (b). Since it has exposed by 
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having etched the polycrystalline silicon 3 of drawing 1 (c), the natural oxidation film 4 which was 
not able to be removed by drawing 1 (b) at this time, and natural oxidation film currently 
especially formed on front face by the side of silicon substrate 1 of crystal grain of 
polycrystalline silicon 3 4a are easily removable with the same gas system as drawing 1 (b). 
However, specifically, etching shown by drawing 1 (d) must be performed under the conditions 
with which residual membrane; RXetch rate of polycrystalline silicon 3 in drawing 1 (d)) x (etching 
time) of polycrystalline silicon 3 was filled, before the etching substrate 5 (usually silicon oxide) 
is exposed. This is because the etching substrate 5 is etched from the middle of the process of 
drawing 1 (d) and it becomes a defect's cause. Generating of an etching residue can be 
prevented by performing the etching process of drawing 1 (c) again continuously the above 
result, protecting the etching substrate 5, where the configuration of the polycrystalline silicon 3 
by which pattern formation was carried out by the photoresist 6 is maintained, as drawing 1 (e) 
shows. 

[0012] In addition, in the metal membrane containing aluminum as well as polycrystalline silicon, 
generating of a residue can be prevented by adding the etching step by the gas of a chlorine 
system in the middle of the etching step of a metal membrane, protecting an etching substrate. 
[0013] 

[Effect of the Invention] As mentioned above the dry etching approach of this invention The 1st 
etching process which carries out dry etching of crystallization silicon, amorphous silicon, or the 
metal membrane that contains aluminum at least. By next, the gas by which fluorine is included 
at least in the case of said crystallization silicon or said amorphous silicon and the gas by which 
chlorine is included at least in the case of said metal membrane The 2nd etching process which 
etches the natural oxidation film currently formed on said crystallization silicon, said amorphous 
silicon, or the front face of said metal membrane, or the deposit generated by said etching 
process, Next, the 3rd etching process which carries out dry etching of said crystallization 
silicon, said amorphous silicon, or said metal membrane again By carrying out in order of said 
publication, and performing said 2nd etching process, before reaching the thickness into which 
the residual membrane of said crystallization silicon, said amorphous silicon, or said metal 
membrane is etched at said 2nd etching process Said natural oxidation film or said deposit is 
removable, and generating of an etching residue can be prevented, protecting the substrate film 
without reducing a throughput 
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DRAWINGS 



[DravyingJ] 




[Drawing 2] 
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tJiBiBB^^tvy 3>sfc»fna#^iieB^->y 3>*^,i,»w 

l5ie^Ji4Si>' F -7 X 2, ^ > y-r ilS 3 ©X 5^ > 

i/xei*, BtriB8aiSJ«K:tfi»*'-^fn2^2©xi»?^> 

i'Xig%B?iaiis^b-> y 3 >i^fc\mmm^i^ y 3 > 

*4m3:ttffB^JSI®©^*5|ifiB02 ©X s, ^lyifZM 

•cx 5. 9^ > n-5BiJiK:*^-5«Htr(cff c i (ci 
0. i5ffia*»5K^b^a;/cttfriaitaiB»*l^*-e#. 

-7"-^ F€:(gT3-l*-r{cTtl6©%«0lOQ:J&S6X9^> 
d^3©lfe^€:|!;5±T^S. 
[H9©tefm^cC3ii»] 
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